This study is conducted within the Architecture Department Basic Design II course in 2011-2012 spring semester, aiming to raise awareness from the early stages of architectural education, within an ecological context with an environmentally conscious and responsible approach. Besides the conventional agenda of basic design education, a comparative study has been conducted with a test group being aware of sustainability issues, and the control group who follows the routine.
Introduction
Rapidly increased architectural concerns and design problems on sustainable design, force architectural students to learn, understand and integrate more data in an architectural context. Many studies have been conducted in order to integrate sustainable design into education at undergraduate or graduate level.
Unfortunately, the educational problem has neither been studied in the first year level, nor been fully focused on by educators.
Therefore aims and expected outcomes; -Raising sustainable design consciousness among basic design students, -Raising awareness for environmental protection among basic design students, -Making interdisciplinary discussions via house designs, -Making exercises on sustainable concepts besides the basic concepts of house architecture.
Architectural design education and basic design
Architectural design education is a whole with architectural design studio courses and theoretical courses supporting them. In the first year of the education, basic design studio is the fundamental course to start the process. The main purpose of basic design studio courses is to teach "design language" by introducing students to two and three-dimensional thinking skills, and to produce high quality spaces, mass and order using this language [1] . In the first semester, the primary objective is to introduce abstract thinking and formal analysis techniques, and the secondary objective is to introduce space concepts which is the basic architectural problem. For the second semester focusing on space generation, three dimensional design and generation techniques are introduced. Formal architectural education covers theoretical and practical courses which the candidate needs to complete. The architectural design education is the most dominant part of this structure where students experience designing in studios.
Defined as "studying space for a talented person", the architectural design studio is a doing/undoing/experiencing space for showing off creativity in architectural design education. Koester [2] defines the active learning space of a studio as an inspiring/creative experience that is also adored by students.
In his book "Design Studio", Schön [3] has pointed out that novice designers are not fully experienced in problem solving skills, and the reason is the misunderstanding of discrepancies between thought and actions. Sch n [4] notifies the "reflection in action" theory, pointing out that basic design knowledge can only be obtained by "doing". Therefore all theoretical information should be integrated to design studio by doing/undoing/ experiencing.
Introducing sustainability to basic design education
Architectural practice has produced, especially in the last 20 years, new discourses in different areas. Largely shaped by the discourses of technology, new innovative developments put forward the area of architectural education as well as the area of architecture. Throughout the architectural education, basic design studio is the starting point for introducing the architectural concepts and space generation. One of the most important concepts to be introduced is "sustainability" in education and practice of architecture. ö In order to educate future generations of architects in the context of ever increasing environmental problems addressing built environment, above issues should be brought up in architectural education agenda; sustainable environmental design concepts should efficiently be integrated to design education process [5] . In his book "Designing with Nature", Yeang [6] states that architectural education should be reconsidered on the viewpoints of "ecology" and "environmental biology", its "traditional" standpoint should be revised according to ecological design approach. Unfortunately, "conventional design education ignoring environmental design issues" is still adopted today and unconscious architects are raised; moreover, the educators have not exhibited an appropriate manner to keep up with technology. Koester [2] , at the end of his studies throughout the entire architectural education, argues that sustainability issues should be adopted as the method to build up the best design studio education.
Many studies have been conducted in the education literature from undergradute level to graduate level in architectural education. These include such studies as ecological studio integration [7] [8] [9] [10] , sustainable environmental design studio [11] , ecological awareness workshops [12] and environmental design education studies [13, 14] . The common theme in these works has been integration of sustainability issues to architectural education and raising awareness among students. Therefore in accordance with these studies, a study has been conducted within the basic design studio process, introducing sustainable design issues and being aware of environmental problems and ecological concepts. In order to achieve this integration, the facts that should be introduced to design studio environment are:
-Energy/ecology/sustainability concepts and their use in architecture, -Raising awareness about environmental problems and introducing sustainable architecture.
Method of the study
In order to implement a comparative study in basic design studio, two distinct groups are specified. Both are given the same problem of a house design with full technical drawing details, models and presentations throughout the semester. Since the aim of the study is to introduce sustainability issues into basic design education and to raise awareness, a test group is specified to introduce the new concepts. Near the end of the semester a seminar is given to this group on sustainability and energy efficient ecological design. Students were asked to work on their projects concentrating on this issues a few weeks more. A control group is specified in order to see comparative results. At the end of the semester, both groups' projects are reviewed and a questionnaire is evaluated.
Case study: sustainable house project in basic design

The problem: house design
This exercise is implemented in the 2011-2012 spring semester which is 16 weeks long. The conventional theme of the studio work is to design a 150 m 2 single house, concentrating on functional schemes, basic furnishings, user needs, activities and spatial arrangements. In the first quarter, basic elements of the house spaces are taught and were asked to be measured and drawn. These include (1) Living Room: sofa, dining table, chairs, TV unit (2) Kitchen: refrigerator, sink, appliances, oven, countertop and table (3) Bathroom: washbasin, toilet and shower (4) Bedroom: double bed, single bed, gardrobe, dresser, toilet table. In the second quarter, students start to develop their spaces separately with the help of technical drawings and modular models. In the third and fourth quarter, students start to design their homes with models and technical drawings as a whole. Each week, each student's work is criticized by the tutor to be developed further.
Additionally, every week a group of 4 students are asked to present a house project of well known architects with its 1/50 model. We believe that "learning by doing" is exercised in these presentations, since some of them presented conventional single houses and some presented ecological housing concepts with active and passive solutions.
Introducing sustainability
Towards the end of the semester a seminar is given to test group students on green architecture, and asked them to review their projects on these issues. The seminar topics were: -Environmental issues and ecological environment -Global warming and its effects on our world, -Environmental problems and buildings, architects' role, -Green architecture, zero energy buildings, -Renewable energy sources and their use in buildings -Sun Path diagram -Basic Issues on ecological concepts and their use in winter/summer, day/night, -Overall design criteria -Case studies.
The seminar is told to students with basic words, and the concepts are presented in a simple way keeping in mind that the students are novice designers and very new to these concepts. The seminar at first didn't make much sense, many question marks hung over. Later on, when the students have started to use and practice them in their projects, they have understood it better and their awareness is raised.
Basic ecological design concepts and their seasonal and daily use throughout the year is explained and asked for integration to their projects, as shown in table 1. The seminar is focused on energy gains, shading elements, heating, ventilating and air conditioning. 
Test group design process
Section 6 students are specified to be the test group. Besides the common agenda, as mentioned before, a sustainable design seminar is given to them in week 13. In weeks 14 and 15, the designs are criticized with a sustainable architectural viewpoint. Control group students are also followed in order to make a comparison with the test group at the end of the semester. 
Shading element design in southern-eastern-western windows
Evaluating test group students' design process and final works, students seem to be focused on orientation, energy efficiency, use of shading elements to prevent sun and photovoltaic panels to produce electricity ( fig. 1) . Inner courtyards are used in order to provide natural lighting to inner spaces ( fig. 1 ). Most students focus on comfort zones in their projects. Natural ventilation is an important design criterion in some of the projects ( fig. 2 ). For heating purposes trombe walls and solar rooms are used in some of the projects as seen in fig. 3. 
Test and control group questionnaires and evaluations
After the 3 weeks' work focusing on sustainable issues, a questionnaire is given out to students, and 23 of test group and 17 of control group questionnaires are collected back. The questionnaire is aimed to measure their awareness on the sustainable and ecological design issues, their process throughout the semester and to get overall opinions. Trombe wall section diagram of passive heating of a test group student (Berkay Firat).
In the first section of the questionnaire, the questions are asked to evaluate their knowledge on basic design concepts. These are functional scheme, space layout, zoning, technical drawing skills, and green architecture. At the end, students are asked for an overall evaluation on their knowledge.
On the concept of functional scheme, the comparison shows us test group students are better than "totally agreed students" on the concept -70% (test group-TG) to 47% (control group-CG). On the concept of space layout, TG students are better than "totally agreed students" -52% (TG) to 47% (CG). On the concept of zoning, TG students are better than "totally agreed students" -56% (TG) to 29% (CG). On the concept of technical drawing, TG students are better than "totally agreed students" -48% (TG) to 41% (CG). On the concept of green architecture, TG students are better than "totally agreed students and agreed students" -87% (TG) to 59% (CG). On the overall evaluation, TG students are better than "totally agreed students and agreed students" -87% (TG) to 76% (CG), as shown in tables 3 and 4. Evaluation of basic design concepts (CG, 17 students are evaluated).
Question:
In house design, I have gained knowledge about "the following concepts"
Totally agree Agree Neutral Disagree Totally disagree Functional scheme 8 students (47%)
The results show us that basic design concepts and the awareness on these issues are improved as well as green architecture concepts in the test group. When students are introduced to environmental issues on architecture, their awareness and performance are raised.
Comparative results
In the questionnaire, students are asked to rank the architectural and ecological concepts from 1 to 13, depending on their priorities when designing a house. Questionnaire results are compared between test and control groups, to show the architectural and ecological concept rankings (percentages) of the designed houses, table 5. Therefore, positive results are described as followed: "Zoning" concept is improved by rising from rank 3 to rank 2. Zoning is mentioned in both groups through the whole semester, but different sub themes are introduced. Since both groups are familiar and experienced in functional zoning, test group also develop their designs on zoning based on energy gains and sun path diagram.
"Energy efficiency" concept is improved by rising from rank 9 to rank 8. By this concept, basically isolation of walls and windows are discussed with test group. Since students are not familiar with technical details, they have just learned how important to isolate the buildings for energy efficiency. This concept is one of the most important issues for sustainability agenda.
"Comfort zones" concept is improved by rising from rank 10 to rank 7. This concept includes thermal comfort, acoustic comfort and air quality. Most of test group students have become aware of ideal temperatures for human comfort in different spaces and how it can be achieved. Thermal comfort is the one that students focused more by placing spaces in proper directions, insulating walls and windows while using shading materials. "Solar energy use" concept is improved by rising from rank 6 to rank 3. Some students in the control group have used sun for heating and natural lighting by placing south faced spaces in a passive way. Additionally test group students used sun energy by placing solar rooms and trombe walls in south facade, as well as photovoltaic panels for producing electricity and heating water.
"Contribution to recycling" concept is improved by rising from rank 12 to rank 11. Recycling is introduced mostly focusing on waste management. Recycling of materials such as plastic, paper, metals etc., collection and reuse of rain, grey and black water are discussed. Both groups have become aware of the importance of recycling.
"Reduce water consumption" concept is the same and the lowest at both groups. However, the percentage in the test group is higher than the control group therefore the test group have put more emphasis on this concept. A+ appliances such as dishwasher and washing machine, water taps with photocells are used to reduce water consumption.
"Use of recycled and sustainable materials" concept is improved by rising from rank 11 to rank 10. This is the concept that test group students questioned during the process. The materials used for rough and fine construction should be recycled, toxic free and environmentally friendly.
Since the test group is introduced with this new ecological and sustainable concepts at the end of the semester, the architectural themes that are focused for the whole semester became a secondary issue after all. The projects did not lose any quality but the students' priorities have changed. Therefore negative results are described as followed:
"Functional use", "orientation" and "architectural aesthetics" concepts are same in ranking but control group's percentage is higher. At the same time "use of scenery" concept is decreased from rank 6 to rank 2. These issues were the most important ones for both groups throughout the semester. But, at the end when sustainability issues are introduced to test group, their priorities have changed, which is also a positive result for this work.
Results and conclusion
Based on the evaluation of the questionnaires; -Students are eager to study on ecological concepts, they enjoy and learn how to design an ecological house. They wish that ecological concepts were introduced earlier, so that they can develop their project more thoroughly.
-Students think that they are really "introduced" to architecture by this method, and their approach to sustainable issues were changed. -Some students agree that it was surprising to be introduced new concepts in architecture which is not the case in their living environment. Recycling is the key issue to start thinking on our residential architecture again. -It is possible to minimize the effects of a building in an environment, from scratch to the end. -Making models in the design process helped them to understand the third dimension much better than technical drawings. -Group presentations were so informative that they experience the worldwide projects by seeing and doing models. -Students are "inspired" by the built ecological projects, these new concepts changed their point of view. Based on overall results; -Sustainability issues should be introduced as early as possible in order to educate skilled and knowledgeable architects. -These concepts should be taught via case studies and sample projects by basic topics. Students should not be confused by complicated details. It is important to be aware of the student level when introducing these concepts, not to bother them with too much technical detail. It is aimed to raise awareness on sustainability in architectural concepts, as in the famous proverb "you cannot teach an old dog new tricks". The results show us how important and necessary is to introduce these issues in basic design education.
